A soon as diagnosis of AMI is established or suspected, fluid resuscitation should be begun immediately with isotonic crystalloids, blood and blood products as deemed necessary. Electrolyte imbalances such as hyperkalemia, acidosis and other metabolic abnormalities should be corrected. Invasive arterial and central venous pressure monitoring along with monitoring of urine output are recommended to ensure adequate optimization prior to intervention. Broad-spectrum antibiotics are given to minimize the consequences of bacterial translocation and systemic sepsis. Intravenous heparin should be administered unless there is a specific contraindication. Fluid resuscitation should be adjusted until adequate right-sided filling pressures are achieved. Vasopressors may be needed to maintain systemic blood pressure at physiological levels(>100 mm Hg); however, this should not substituted for inadequate volume resuscitation.
Surgical exploration
Exploratory laparotomy is required in all patients with clinical suspicion of threatened bowel. A midline, vertical incision is preferred given that it is expeditiously performed and allows the flexibility to thoroughly assess the entire GI tract and the vascular territories of interest. Furthermore, this allows great flexibility for the placement intestinal stomas as
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Intra-operative evaluation of bowel viability can be difficult in the setting of AMI. Differentiation of irreversible necrosis from potentially salvageable but severely ischemic bowel is often difficult prior to revascularization and therefore best left for re-evaluation following restoration of blood flow. Areas of obvious necrosis or perforation causing spillage should be resected expeditiously without re-anastomosis. Final assessment of bowel viability must be reserved until after completion of revascularization.
There are several ancillary techniques available for assessing viability of bowel. Hand-held Doppler ultrasound probe (continuous wave 9-10 MHz) can be used to detect pulsatile flow signals. Although it is a useful adjunct to clinical evaluation alone, it may lack sensitivity. Other useful adjuncts include photophlethysmography, injection of fluorescein dye and the use of a perfusion fluorometer to detect flow. Whitehill et al, in a study published in 1988, found that thresh-old blood flow detection by any one of these methods, especially fluorescein, occurs at levels inadequate to guarantee tissue viability [1] . This means ischemic tissue damage may occur in spite of detectable blood flow using these adjuncts. The ultimate decision regarding bowel viability therefore lies in the sound clinical judgment of an experienced operating surgeon. Treatment algorithms that include mandatory second-look laparotomy allow re-evaluation of bowel following revascularization and adequate resuscitation, thereby providing the opportunity to re-anastomose the bowel ends that were divided during intestinal resection of the index operation.
An important principle of bowel resection in AMI is to minimize disruption of mesenteric vascular arcades by carrying out segmental resection while sparing as much of the mesentery as possible. This can be accomplished easily by using devices such as LigasureTM (Medtronic Inc., Minneapolis, MS, USA) or with standard ligate and divide technique. This approach should be contrasted with conventional wedge shaped resection undertaken during routine small bowel operations.
Open surgical revascularization
There are two standard approaches to the surgical exposure of the SMA: anterior and lateral. The anterior approach near the root of the mesentery is most suitable for embolectomy whereas the lateral approach, with mobilization of the fourth part of duodenum and ligament of Treitz, is often preferred for arterial bypass (figures 5, 6) . Selection between these two approaches depends on the diagnosis (embolus versus thrombosis) and the need for complex arterial reconstruction. 
Embolectomy
Superior mesenteric artery embolectomy can be accomplished easily through an anterior exposure with elevation of transverse mesocolon superiorly and retraction of small bowel to the patient's right. The pulseless mesenteric vascular bundle can be palpated and exposed by incising the peritoneum at the base of the transverse mesocolon. Multiple venous tributaries, lymphatics and autonomic nerve fibers encase the mesenteric vascular bundle. The SMA lies to the left of the superior mesenteric vein, and careful dissection is needed for segmental exposure of the SMA from middle colic to right colic branches. Following systemic heparinization, the arteriotomy can be either transverse or longitudinal depending on the vessel diameter but in the case of longitudinal arteriotomy, patch closure (saphenous vein) is required. A transverse arteriotomy is technically easier to perform and may be used if the vessel diameter is at least 6 mm. An interrupted suture technique using non-absorbable, monofilament suture (6-0 Prolene) is recommended for closure to prevent stenosis.
Proximal embolectomy is performed using 3Fr or 4Fr Fogarty catheters. Brisk, pulsatile flow is expected following extraction of embolus. For distal thrombo-embolectomy, 2Fr or 3Fr catheters may be used. Distal passage of catheters must be done with care to minimize damage or rupture of distal mesenteric arteries. It is preferred to use air for Fogarty embolectomy catheter balloon inflation, as opposed to saline, since it allows better tactile sensation regarding pressure applied to the vessel wall. Although the major bulk of embolus can be extracted using this technique, thrombus lodged in smaller branches distal to the embolus cannot bypass may be performed in the setting of occlusion of both SMA and celiac trunk ( Figures 7A,7B ). However, revascularization of both celiac and SMA territories is not mandatory in the emergency setting, and a single bypass to the SMA is all that is required [2] .
The supra-celiac aorta is usually spared from calcification and intraluminal plaque formation and can be exposed through the lesser omentum after repositioning retractors. The left triangular ligament of the liver is taken down to the left hepatic vein. The presence of a nasogastric tube allows the esophagus to be palpated and retract out of harm's way. The diaphragmatic crura are divided to expose the supra-celiac aorta. A partially occluding clamp, e.g. Satinsky, is often sufficient for proximal anastomosis thus minimizing the physiological stress of supraceliac aortic cross clamping. An antegrade aorto-mesenteric bypass has the advantage of being less prone to kinking and may be tunneled in either retropancreatic or supra-pancreatic position. The use of a prosthetic graft is often convenient, but should be avoided in the setting of intestinal infarction to avoid graft contamination. always be reliably extracted. Therefore, a recombinant tissue plasminogen activator, 2 -5 mg (or an equivalent thrombolytic agent), can be administered distally following final passage of embolectomy catheter, and allowed to dwell for few minutes prior to restoring distal flow.
Surgical bypass
Options for open reconstruction include a supra celiac aortomesenteric, infra-renal aorto-mesenteric and iliac-tomesenteric artery bypass. If the patient's physiological status permits and adequate conduit is available, aorto-superior mesenteric artery bypass with a sequential celiac branch Surgical bypass with infra-renal aorta or iliac artery as inflow is best performed via lateral approach to the SMA as discussed previously. Following mobilization of fourth part of the duodenum, peritoneum is exposed lateral to the duodenum and the retroperitoneal aorta is exposed through the same incision. More proximal dissection with gentle retraction of the pancreas facilitates SMA exposure. Several configurations and approaches are available for mesenteric revascularization. Retrograde graft orientation is commonly performed with inflow from the right common iliac artery, forming a "lazy C" configuration ( Figure 8 ). An alternative configuration is to use the saphenous vein with left common iliac artery or distal infra-renal aorta as inflow vessel ( Figure  9 ). A short aorto-mesenteric bypass configuration can also be used with end-to-side anastomosis to the SMA (Figure 10 ). In general, the challenge with all retrograde bypass configurations, is to ensure that the graft does not kink when retractors are removed and eviscerated bowel returned to the abdomen. Saphenous vein is the preferred conduit if a good quality vein is available. Alternatively, synthetic grafts such as Dacron or externally supported expanded polytetraflouroethylene (ePTFE) are readily available and provide excellent size choices (6 -8mm diameter grafts). Prosthetic graft material should be avoided in the setting of intestinal infarction or bowel spillage.
Completion arteriography
A completion arteriogram may be performed at the surgeon's discretion. Often, this is technically difficult during an open laparotomy and the quality of imaging may be compromised. A completion duplex scan is a valid alternative and is the authors' preferred modality for evaluation of anastomoses.
Hybrid technique
Hybrid open-endovascular approach, described by Wyers et al from Dartmouth [3] , combines endovascular techn-ique during open laparotomy. The SMA is approached via anterior approach and a local thromboendarterectomy and patch angioplasty is performed. The SMA is cannulated retrograde and a long, flexible 6 Fr sheath is directed proximally. Sheath access close to the aorta facilitates crossing the lesion and has a high technical success rate. The SMA is treated with a balloon-expandable stent (Figure 11 ). This technique has some utility if a donor site is not available for open bypass due to intrinsic disease of aorta or iliac arteries, or when the patient is poor candidate for complex open repair. The patient must be placed on a suitable OR table through which AP and lateral imaging is possible.
Endovascular treatment
Percutaneous treatment options for the management of acute mesenteric ischaemia are evolving. However, broad applicability of the technique is limited by difficulties in extracting large embolic fragments in the case of SMA embolization and managing chronic occlusions of the SMA in the setting of AMI due to atherosclerotic occlusive disease. Furthermore, a non-operative approach precludes the ability to directly assess bowel perfusion and viability. Endovascular treatment of mesenteric artery embolism may also be constrained by treatment duration required for thrombolysis. Either mechanical or chemical thrombectomy, or a combination of both, have been described using endovascular methods [4, 5, 6] . Majority of patients treated with endovas-cular method still required exploratory laparotomy, under-scoring the need for direct assessment of bowel viability in these patients. In spite of these shortcomings, there are multiple studies showing acceptable outcomes with endovascular intervention [4, 5, 6] (Figure 12 ).
Visceral malperfusion from aortic dissection and spontaneous SMA dissection
Visceral malperfusion is a catastrophic sequelae of both acute Stanford type A and B dissections. A recent study of the IRAD ( International Registry of Acute Dissection) database showed that mortality exceeded 95% when treatment of type A dissection is undertaken without initial treatment of visceral malperfusion [7] . Therefore, some authors have recommended performing simultaneous mesenteric revascularization procedure and central aortic repair to prevent intestinal infarction resulting from the long duration of ischaemia incurred while repairing the type A dissection [8] . 
Treatment of non-occlusive mesenteric ischaemia (NOMI)
Prompt mesenteric arteriography is recommended for patients suspected with NOMI. The angiographic appearance is fairly typical with several specific findings: there is narrowing of the origins of multiple branches of the SMA, alternate dilatation and narrowing of intestinal branches -"string of sausages" sign, and severe spasm of mesenteric arcades, "pruning", resulting in impaired filling of intramural vessels. Injection of intra-arterial vasodilator (Papaverine, 60 mg or nitroglycerin, 400 -800 mcg) can be both diagnostic and therapeutic. A vasodilator infusion via an angiographic catheter placed in the proximal SMA can be started. Infusion rate is titrated according systemic blood pressure. An important technical detail is to ensure that the tip of the catheter and the infusion ports are positioned entirely in the SMA to prevent systemic hypotension from vasodilators 'escaping' to the aorta.
Second-look laparotomy
Planning for a second look laparotomy is an essential step in the treatment algorithm of acute mesenteric ischaemia. This approach allows the operating surgeon to minimize bowel resection at initial exploration and avoid bowel anastomosis. During the first operation, the resected bowel ends are expeditiously stapled or sewn shut without anastomosis. The abdominal wall may be closed temporarily with the expectation of returning to the operating room in 24-48 hours.
At the time of second-look laparotomy, viability of the revascularized bowel is re-assessed and resection of nonviable segments performed as needed. Anastomosis can be completed during this time. Bowel perfusion and patency of mesenteric arteries and bypasses(s) may also be reassessed using manual inspection, hand-held Doppler probe or portable duplex ultra-sound. Occasionally, a third look laparotomy may be required. The guiding principle of treating acute mesenteric ischaemia is to ensure bowel viability before definitive resection and anastomosis.
Post-operative intensive care
Post-operatively, AMI patients require additional volume resuscitation with crystalloids due to third spacing. Twentyfour hour fluid requirement may be as high 10 -15 liters. Serial clinical examinations and trends in leucocyte count and lactate levels are useful to monitor patient's clinical progress.
A trend in the wrong direction should prompt further evaluation with an appropriate imaging study (CTA, DSA) and early operative re-exploration.
Outcome
In spite of numerous advances in surgical and general intensive care, acute mesenteric ischaemia continues to have a high mortality rate. A contemporary, single center experience of acute arterial mesenteric ischaemia from Mayo Clinic reported 30-day mortality rates of 19% and 17% for patients presenting with arterial embolism and arterial thrombosis respectively [9] . Early diagnosis, and effective and timely intervention involving excellent surgical and critical care is necessary to achieve survival in an otherwise uniformly fatal diagnosis.
